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Abstract 
Problem of the research on quality of ceramic floor tiles remains still open. Their strength, and as a consequence possible 
applications, depend both on the constitution of ceramic composite, and on their degree of homogeneity. The method of controlling 
tile strength should be based on evaluating this feature in various cross-sections. Such measurements are very important because 
their mechanical properties are often not uniform across the whole surface. Standard control tests are not compliant with this 
requirement because they anticipate only destructive strength tests in their middle cross section.  
Application of the ultrasound method allows for the easy homogeneity estimation of ceramic composite in the tile. Transformation 
of the direct results for the resistance of material requires scaling of the measuring device what considerably expands the scope of 
research, however resistance parameters are not always necessary.  
Paper presents the research on the probe composed of 23 floor tiles with dimensions 600 x 600 and 600 x 300 mm. Tiles has been 
sampled from the lot of material that had been built in the floor and shown excessive defectiveness (broken edges, pop-offs and 
breaks). The main purpose of experimental tests was to determine the homogeneity of ceramic material in various cross-sections 
of each tile. Big variation of ultrasound wave velocity within the range of many tiles shown the cause of quick loss of expected 
serviceable properties. In addition, has been carried out the measurements of the length, width and deformation of the surface of 
tiles. Dimensional deviations and deformations didn’t exceed the admissible values. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of WMCAUS 2016. 
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1. Introduction 
It should be clarified at the beginning that the tests concern medium-sized ceramic tiles, dimensions 60x60 and 
30x60 cm. They are products of relatively high dimensions and it can be suspected that this may have an effect on 
random distribution of technical parameters regarding composite in such products, particularly taking into account the 
encountered significant heterogeneity of other ceramics [4,5]. When any damage occurs, the users of floors made of 
similar tiles first focus their suspicions on uncertain quality of the tiles because standards for tests of such products do 
not stipulate the evaluation of their homogeneity (EN 14411, 2012). The damages appearing in the floors are usually 
defects in the form of cracked edges (fig. 1), chips near edges and breaking (fig. 2). 
 
  
Fig. 1. Cracked edges. 
  
Fig. 2. Chips near edges and breaking of the tiles. 
 The damages shown cannot be clearly, without tests, classified as material defects or manufacturing defects. The 
aim of the standard tests is usually to prove that the product fulfils requirements established and written in the standard. 
However, conditions specified in the standards do not provide an answer to the question regarding homogeneity of the 
material in the tiles because the answer is not e.g. bending strength of several or a dozens of tiles chosen randomly 
from the batch. 
The question arises whether, if the defects appear near the edges, the material on the circumference is weaker? 
Maybe it is worse for another reason? 
2. Test methodology 
2.1. Ultrasound tests 
Since heterogenic distribution of density or strength in the tiles is suspected, the ultrasound method was chosen for 
the tests because velocity of pulse in ceramics is very well correlated with these both parameters [2]. Tiles not built in 
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(17 pieces marked with letters A-Q), dimensions 600x600 mm and 300x600 mm, and glued tiles (6 pieces, R-W) were 
selected for the laboratory tests. The areas for testing were marked on the surface of each tile (fig. 3). 
 
 
Fig. 3. Location of measurement areas on tiles for ultrasound tests: a) tiles 600x600 mm, b) tiles 600x300 mm. 
The areas from 1 to 25 are circles, diameter 35 mm. In each area, 5 readings were performed along randomly chosen 
diameters. The tests were conducted using UNIPAN 543 measuring device with two point probes, frequency 40 kHz. 
The point probes transmit ultrasonic pulses to the material based on the dry contact principle [3]. 
Average velocity of ultrasonic pulses in the tiles varied considerably (fig. 4). 
 
 
Fig. 4. Average ultrasonic velocities in all tested tiles. 
2.2. Checking geometry of the tiles 
The measurements of length and width were carried out with the accuracy of 0.1 mm and tile thickness was 
measured with the accuracy of 0.01 mm. They show that these dimensions fall within the tolerance limits. It is more 
difficult to perform measurements of deformation of the tile plane, especially in the conditions at the receipt of the 
tiles. They were conducted in three sections parallel to one side and along the diagonals (fig. 5). 
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Fig. 5. Location of measurement points on the tested tile to determine deformation of the surface. 
The device for measuring deformation of the tile plane is shown in fig. 6. Location of the slat determining the cross-
section to be tested was stabilized and the dial gauge was moving along the slat. 
 
 
Fig. 6 Measurements of deformation on the tile surface along the centre line and along the diagonal. The readings were taken using the dial gauge 
with the accuracy of 0.01 mm. 
The exemplary set of measurement results for the tile with the highest deformation (tile F) is presented in table 1. 
Table 1. Measurements of curvature for tile F (600x600 mm) along the accepted reference line in [mm]. 
Measurement 
point no. 1 2 3 4 5 Curvature a A=(pkt3/L)x100 Measurement line 
Edge I 
 0.445 1.750 1.930 1.585 0 0.32 
Centre cross-
section 0.025 1.135 1.340 1.125 0 0.22 
Edge II 0 0.555 0.635 0.580 0.180 0.11 
Diagonal I 0.05 0.970 1.190 0.455 0 0.14 
Diagonal II 0 4.195 4.47 3.66 3.365 0.53 
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3. Discussion regarding the obtained results 
It is convenient to examine measurements of irregularities on the surface using bar graphs (fig. 7 and 8). The 
measurements of tile irregularities show that some of them have a shape similar to a fragment of a cylindrical surface 
(fig. 7) which suggests bending of the tile supported on two edges. 
 
Fig. 7. Deformation of tile H with shape similar to the cylindrical surface. 
Other tiles have deformations similar to the spherical dome (fig. 8). The biggest bulging appears in the central zone 
and it falls down towards the edges. 
 
Fig. 8. Tiles with spherical shape of deformations. 
As it can be seen, the values of deflection from horizontal plane are not high, they fall within the acceptable limits. 
PN-EN 14411 standard defines curvature of the tile according to the rule given in tab. 1 and permits the value of ±0.5. 
The curvatures of tested tiles calculated in this way were within the limits of 0.1–0.2%. Only one tile marked as F 
along one of the diagonal edges reached the value of 0.53% that is it slightly exceeded the acceptable limit. The 
deviations of linear dimensions and right angles were also within the tolerance limits. 
Apart from geometry of the tiles, homogeneousness of the ceramic composite which has an effect on strength was 
tested. Since no dependence was determined between velocity of ultrasonic wave and ceramic strength, the 
comparisons were performed by analysing changes of ultrasonic wave velocity. The bar charts illustrate well 
heterogeneity of the material in the tested tiles. In the charts, for the first two tiles A and B, the material near one of 
the sides has technical parameters clearly higher than along another side of the same tile (fig. 9). 
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Fig. 9. Distribution of ultrasonic pulse velocity on the surface of two ceramic tiles. In cross-section 5 the velocity is the highest and in cross-
section 1 the lowest. 
The difference in ultrasonic wave velocity between the smallest and the weakest areas (3.04-2.76=0.28 km/s) may 
indicate even 50% changes in strength. The tested set of tiles indicated very considerable differentiation of average 
velocities, and thus average strengths of the material (fig. 4).  
The significant variability of average velocities determined for the tiles indicates that their behaviour during 
application may be quite unexpected. The tiles much weaker than others will probably begin to show accelerated 
wearing. 
It is worthwhile to come back to the analysis regarding variability of ultrasonic wave velocity in individual tiles 
because the weakest areas rather than average values will be decisive for defects. Fig. 10 shows differences in 
ultrasonic wave velocity ǻC=Cmax - Cmin for each of the tested tiles. 
 
 
Fig. 10. Chart of changes in ultrasonic velocity in the tested tiles. 
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The recorded local defects should be probably associated with considerable heterogeneity of mechanical properties 
of ceramics which is indicated by significant changes of ultrasonic velocity in the tested tiles. Unfortunately, 
heterogeneity of ceramic composite is not the subject matter of standard-based control tests which is probably 
convenient for the manufacturer of the ceramics, but detrimental to its quality. The presented method of testing tiles 
allows us to eliminate products with considerable dispersion of strength features. 
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